INTRODUCTION
In 1906, Werner and Lichtenberg reported that choline injections in rabbits produce sterility or lessened fertility, analogous to the effects of x-ray or thorium X, which was followed by Werner and Asher, reporting blood and skin changes similar to that produced by x-ray (1-4).
The above was countered by Seckfort and Weise recently, who reported that choline injections do not produce a falling of white blood cell count (5) .
Davis et al. have reported that repeated administration of choline produces a hemolytic type of anemia in both man and dogs (6) .
In 1944, Davis advanced the theory that choline depresses red cell production by in creasing the blood and oxygen supply to bone marrow through its vasodilator action (7, 8) .
The present investigation was undertaken to ascertain the effects of choline on the leucocyte picture and elucidate the mechanism.
METHODS
The present study was conducted using adult, male and female, rabbits. After adequate control determination was made, 3 cc/kg (150 mg/kg) of 5% choline chloride were administered to rabbits subcutaneously.
The total leucocyte counts were made from a free-flowing drop of blood from the marginal ear vein, and hematologic determinations were made using the standard method.
Occasional serum cholinesterase (ChE) activity determinations and electrophoresis were also made. The serum ChE activity was measured using the standard Warburg mano metric method (9, 10) . Electrophoresis was carried out in the Tiselius microcell with dialyzed serum in phosphate buffer at pH 7.73, each at 0.2 ionic strength..
The experiment was conducted over 7 weeks or more.
RESULTS
I. A single sub..;utaneous injection of ch9line chloride was administered and the results during the 7 day observation period following the injection of choline are as follows ( Fig. 1 represents a typical experiment) .
The initial effect of choline was to cause a marked rise in the total number of leucocyte. The peak of leucocytosis occurred from 4 to 6 hours after the administration of choline, the greatest increase was at 59 %~ while the lowest was at 33%, with the average at 43 ,0o' (see Table 1 ).
This leucocytosis consisted for the most part of polynuclear leucocytes, which includes the shift to the left.
However, in one out of 8 rabbits no change occurred, and in the remaining 2 rabbits a leucopenia was evoked from the beginning. The leucocytosis persisted for several days, and was followed by a leuco penia.
Serum ChE activity receded, in all cases, following the administration of choline ; the mean level of activity was at 82%q.
A separate experiment was undertaken to elucidate the mechanism causing leucocy tosis. The leucocytosis was not observed in rabbits injected with acetylcholine, in doses of 0.15 mg/kg. But similar results were ob tained in the rabbits injected simultaneously with choline and 0.02 mg/kg of atropine sulfate. Futhermore, an injection of 20mg/kg of benzylimidazoline failed to prevent this leucocytosis.
Therefore it is unlikely that the leuco cytosis can be attributed to vascular, central or hormonal origins. Results obtained during the 7 week cbservation period, following a single injection of choline.
In all rabbits, with one exception, the leucocyte count gradually decreased 7 days after or thereabouts following a single injection of choline.
The leucocytosis were replaced by a leucopenia which persisted for about 20 days with the greatest decrease at 57 ,%, the least at 41 %, and the average at 49 %'. In two cases which showed leucopenia from the beginning, the degree of leucopenia increased progressively (see Table 1 ).
This leucopenia is mainly a reflection of the diminution of polynuclear elements. The return of the white blood cell counts to normal, occurred within 30-40 days. Here, no marked change was observed in the total red blood count, and no change occurred in the protein level and the electrophoretic pattern of serum, , the decrease of leucocyte. Thereafter, in 4 cases, the activity exceeded their previous levels for 10 consecutive days or more.
The average of peak of ChE activity was at 131% (see Fig. 1 ). A certain relationship between the increase of ChE activity and the development of leucopenia seems to exist, since the leucopenia due to choline administration followed the elevation of serum ChE activity.
The next experiment was undertaken to ascertain this relationship. In this case, "Hodstin" (an analogue of prostigmine) and diisopropyl fluorophosphate (DFP) were administered after the injection of choline. The leucopenia produced by choline was completely blocked with a daily subcutaneous injection of 0.1 mg/kg of "Hodstin" (see Fig . 2 ). And similar but incomplete results were obtained in the rabbits with injections of 3 mg, kg of DFP, however one out of 5 rabbits showed no effect and in two out of the 5 a slight and a short-running leucopenia occurred. The repeated administration of "Hodstin" and DFP alone resulted in a reduction of ChE activity but leucocyte count remained unchanged. On the other hand, the administration of 150 mg/kg of methionine caused leucopenia accompanied by an elevation of serum ChE activity.
II. Repetitive injec,'ion of ch.oline were administered with the following results. Repeated weekly administration of 150 mg/kg of choline chloride for a period of 15 weeks, resulted in a definite and transient leucocytosis after every injection, but in a few days returned to normal level. Leucopenia did not occur during the total observation period. Serum ChE activity was observed to be inhibited for several days after every injection. However further observations did not reveal an increase above the normal level. The level of serum protein slightly increased, and the electrophoretic pattern showed a definite elevation in the albumin fraction with little change in the globulin levels which results in the increase in A/G ratio.
After daily injections of 50 mg/kg of choline for 10 days running, the rabbits were autopsied, and histologic examinations were made. The essential pathological changes were as follows.
1) The general lymph nodes were medullary and swollen.
2) The mesenteric lymph apparatus was enlarged.
3) The adrenal cortex was swollen. 4) The state of marrow was red bone marrow.
Blocks of tissue were treated in 10 per cent formalin, and after embedding in paraffin, sections were cut. The sections were stained with hematoxylin and eosin. Histological observation of the tissues were as follows.
1) The reticulo-endothelial and lymphatic tissues were markedly enlarged and proliferated, consisting mainly of lymphocytes with a few eosinophils.
2) The bone marrow indicated an active function of hematopoiesis.
3) No lesions were found in the testicles or the epididymis.
DISCUSSION
Subcutaneous administration of 150 mg, kg of choline chloride was accompanied by a marked leucocytosis which reached its maximum level at 4 to 6 hours. And this leucocytosis consisted for the most part of an increase in the percentage of polynuclear leucocyte including the shift to the left.
In regards to the initial effect of choline on the leucocyte, these observations disagree with the results published by Werner, and are in accord with the report of Seckfort and Weise.
This leucocytosis was not accompanied by a change of the red blood cell, and it was neither prevented by atropine nor benzylimidazoline. Such changes are obtained with methionine but can not be obtained with the acetylcholine injections alone.
Therefore it seems unlikely that the leucocytosis can be attributed to vascular, central or hormonal origin. The mechanism causing the leucocytosis would appear to be a result of its effect on the bone marrow.
The leucocytosis were replaced by a leucopenia which persisted for about 20 days. "Hodstin" and DFP was effective in preventing the leucopenia .
Hence "Hodstin" and DFP appears to have blocked the' leucopenia by preventing the rise in the ChE activity.
According to previous literature, the labil methyl deficiency caused a leucopenia (11) and ingestion of a hypolipotropic diet leads to a remarkable rise in pseudo-ChE activity in the plasma of rats. Elevated levels of plasma pseudo-ChE activity can be reduced to within the normal range by addition of lipotropic agents (12) . X-irradiation and urethane reduced marrow-choline-oxidase and both X-irradiation and urethane treatment caused leucopenia in chickens (13) .
From the above, it appears that, the leucopenia due to choline administration is associated with enzymes which are related to choline metabolism especially cholinesterase and choline oxidase.
This suggested that the disturbance of choline metabolism may have been a signifi cant factor in the leucopenic effect of choline.
Therefore it is concluded that a moderate dose of choline may activate the hema topoietic function at first, while later depressing it, probably by an interference of the metabolism of choline. Histologic data also supports this conclusion. The effects of choline on the blood picture and serum ChE activity resemble that of a small dose of x-ray, therefore, it is highly probable that there is a close connection between X-irradiation and choline (14, 15) . CONCLUSIONS 1) Subcutaneous administration of 150 mg/kg of choline chloride to rabbit was followed by a temporary leucocytosis, after which the leacocyte commenced to decrease gradually. The maximum decrease occurred in 10 to 20 days after the injection of choline, and leucopenia continued for about 20 days.
"Hodstin" (met, oxyphenyl-trimethyl -ammonium-methylsulfate-dimethylcarbaminester) and DFP had a preventive effect upon the leucopenia due to choline.
2) Serum choli.zeste:ase activity was markedly reduced in the beginning, returning to normal level a few days later while a high elevation was brought about in half the number.
3) The repetition of choline injection to rabbits resulted in enlargement and swelling of general lymph nodes and adrenal cortex, and the activation of the hematopoietic function of bone marrow. 4) These changes resemble that of a small dose of x-ray. Therefore, it appears that a close connection between, X-irradiation and choline, blood cell formation and metabolism of choline, exists.
